Abstract. Acute diarrhoea diseases (ADDs) are one of the major health problems in Aguascalientes, Mexico. Due to the risk of significant increases of ADDs in the hot season, it has been necessary to determine the weather conditions that might lead to escalating ADD events. The effects of El Niño and La Niña phenomena on the morbidity rate of ADD (MRADD) in the State of Aguascalientes were determined during the period of 2000-2010. The MRADD was calculated from cases reported by the State Health Department. The Oceanic Niño Index (ONI) was obtained from the US National Oceanic and Atmospheric Administration. The impact of El Niño and La Niña on the MRADD was determined using the Pearson correlation coefficient and analysis of variance (ANOVA). The results gave a significant inverse correlation between El Niño phenomenon and MRADD (r = −0.55, P = 0.001), but a correlation was not observed on the La Niña phenomenon (r = −0.022, P = 0.888). Field data showed significant inverse influence of El Niño on MRADD for the years 2000-2010.
Introduction
Several authors have investigated the ways in which El Niño Southern Oscillation (ENSO) has occurred in Mexico. The main consequences of El Niño phenomenon in Mexico are the intensification of winter rainfall in the northwest and northeast of Mexico while decreasing toward the south.
ENSO has produced colder winters and drier and warmer summers often producing severe droughts.
Several studies have shown a potential impact of ENSO on human health with vector-borne diseases (Schaffner and Mathis, 2014) and with acute diarrhoea diseases (ADDs) (Patz and Olson, 2006) . These studies agree that the ENSO can increase the ambient temperature that could enhance the survival and persistence of many microorganisms causing ADDs because microorganisms can reproduce faster in warmer conditions. Subsequent studies have shown that climatic factors significantly affect seasonal diarrhoea in susceptible populations (El-Fadel et al., 2012) .
Global deaths of children aged less than 5 years from diarrhoea were estimated at 1.87 million (95 % confidence interval, CI: 1.56-2.19), approximately 19 % of total child deaths. WHO African and South-East Asia Regions combined showed 78 % (1.46 million) of all diarrhoea deaths occurring among children in the developing world; 73 % of these deaths occurred in 15 developing countries (BoschiPinto et al., 2008) .
In Mexico, the recorded mortality rate of ADDs was 28 deaths in 2013 and 16 519 new cases per 100 000 children under one year of age were also reported. Moreover, 266 deaths were registered with a rate of 3.5 per 100 000 children among 1 to 4 years of age. The ADDs were the fifth cause of death in this age group.
In the state of Aguascalientes, ADDs were the fifth leading cause of infant death in the year 2013 (ISEA, 2014) . It has been estimated that children under 5 years of age can experience between two to four diarrhoeal episodes per year.
According to Hernández (2002) and Ferrano et al. (2003) the age groups that are most affected by ADDs are the small children (under 5 years) and the elderly (over 60 years), who are more sensitive to suffer the effects due to excessive loss of electrolytes affecting the body during illness and can cause severe dehydration (Hernández et al., 2011) .
The aim of this study was to determine the impact of El Niño and La Niña phenomena on the ADDs as well as other possible environmental factors during the period [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] in the population of the state of Aguascalientes, Mexico.
Data and methods

Area of study
The geographical unit of the study consisted of (INEGI, 2014) . It has a surface of 5616 km 2 . The state of Aguascalientes represents 0.3 % of the Mexican surface area. Three major natural regions through its territory include the Sierra Madre Occidental, the Central Mesa or Plateau and Neovolcanic. The territory of the state is predominantly flat. The State is comprised of eleven municipalities with a total of 1 184 996 inhabitants (INEGI, 2010) concentrating 67 % of the population in the City of Aguascalientes. The climate prevailing in the state is semi-dry in 86 % of its territory, 14 % humid temperate is localized southwest and northwest of the state. The average annual temperature is 17-18 • C. The highest temperature (30 • C or more) occurs in the months of May and June and the lowest temperature (about 4 • C) in January. Rain is limited and occurs during the summer. Total annual precipitation is 526 mm (INEGI, 2010) .
ADDs database
Information on the number of cases of more frequent and representative in the state of Aguascalientes was obtained from the Aguascalientes State Health Institute (ISEA, Spanish acronym). Data also included information on intestinal infections by other organisms and ill-defined with ICD 10 code: A04, A08-A09. The A04 code includes intestinal bacterial infections due Escherichia coli: enteropathogenic, enterotoxigenic, enterohemorrhagic and enteroinvasive, Campylobacter Spp., Yersinia enterocolitica, and Clostridium difficile. The A08 code includes intestinal infections caused by viruses and other specified bodies: Rotavirus, Norwalk agent, and Adenovirus. The A09 code includes diarrhoea and gastroenteritis of presumed infectious origin. This information pertained for all the groups of 0-4 years, 5-59 years and above 60 years of age. Cases of ADDs included both men and women. The ADD rates were calculated dividing the numbers of episodes reported between the numbers of the annual population to express morbidity rates per 10 000 habitants. An ecological time-series study was also conducted.
El Niño and La Niña database
The information of the Oscillation El Niño Index (ONI) was obtained from the US National Oceanic and Atmospheric Administration (NOAA) for the period 2000 -2010 (NOAA, 2014 . This oceanic index defined the presence of El Niño with at least five successive overlapping three-month seasons experiencing sea surface temperature decreases of more than 0.5 • C; was defined as "La Niña" the consecutive presence of five or more values less than −0.5 • C.
Climate database
The daily weather variables of maximum temperature and precipitation were obtained from eighteen weather stations of the National Water Commission (CONAGUA, Spanish acronym). The period was from 2000 to 2010. Data quality control considered that 96 % of annual records were present in the time series of which was obtained the average of monthly maximum temperature and accumulated rainfall.
Statistical analysis
The statistical processing was performed with the statistical software Minitab ® 16.2.3 (Minitab Inc., State College, PA). Descriptive statistics based on the calculation of measures of central tendency and the dispersion was performed. To correlate the phenomena under study with the rate of ADDs, the Pearson correlation coefficients were obtained, as well as to analyze the association between ADD with ONI and the number of days with temperature ≥ 30 • C and the number days with non-zero precipitation.
Results
Oscillation Niño Index and El Niño and La Niña phenomena
During the decade of the study, there was a total of four El Niño events, which were initiated between the months of The lowest values of ONI were for the events that occurred in January and February 2000 (with values of −1.7 and −1.5 respectively), January and February 2008 and October, November and December 2010 (−1.5 in all cases).
Analysis of El Niño and La Niña phenomenon for those days with temperature above 30 • C and with nonzero precipitation
The average maximum temperature ranged between 20.1 and 32.4 • C, the average minimum temperature between 1.9 and 13.5 • C and the average rainfall from 0 to 252.2 mm. The warmest month was June and the coldest January. These results were based on the weather information for the state of a 31 year-period (1970 to 2010). As shown in The correlation was sought between the phenomenon El Niño with the number of days with temperatures above 30 • C (90 percentile) and found that there was indeed significant inverse correlation (r = −0.430, P = 0.014). We did not find a correlation between phenomenon La Niña and the number of days with temperatures at or above 30 • C (r = −0.228, P = 0.146).
The rainfall pattern was other climate element in Aguascalientes that observed significant changes in atmospheric behaviour. Weather seasons were defined by the peculiarities of rainfall in the state: the rainy season which extended from May to October and the dry season from November to April (Fig. 2) .
ADD analysis for children under 5 years of age
In the period 2000-2010, the average rate of ADD statewide was 20.07 episodes per 10 000 people. This ADD rate was similar to that presented in neutral conditions and during El Niño events (20.46 and 20.25 episodes per 10 000 inhabitants, respectively). During La Niña, there were 18.06 episodes per 10 000 inhabitants which was lower than the ADD rate obtained in neutral conditions or El Niño events, although no significant difference was found (Table 1). 
ADD Analysis for the population aged 5 and older
In the period 2000-2010, the morbidity of ADD varied between 107.40 and 25.90 episodes per 10 000 inhabitants. The highest rates were reported in June 2008 (70.16 events per 10 000 inhabitants) and from April to August 2010 (85.12, 103.32, 107.40, 95.98 and 76 .53 episodes per 10 000 inhabitants, respectively). During the observed phenomena, the rate of ADD in El Niño conditions was 44.37 episodes per 10 000 habitants. In neutral conditions, the ADD rate was 46.33 episodes per 10 000 inhabitants, and during La Nina phenomenon the ADD rate was 41.41 episodes per 10 000 inhabitants. To correlate the morbidity of ADD with ONI, a significant correlation (Table 2 ) was observed for the three age groups. In the case of La Niña and neutral conditions no correlation was found with ONI.
The incubation time that the ADD causing microorganism has before the disease symptoms appear are evident. There are time lags of several weeks, one month that may interfere with the interpretation of the quality of the relationship cause-effect between climate variables and ADD.
It is noteworthy to mention that when heavy rain falls after a prolonged drought, ADDs may significantly increase due to the presence of microorganisms in water bodies. (Table 3) .
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Analyses of the correlation between the number of days with temperatures over 30 • C, and El Niño and La Niña phenomena and the rate of ADD
By relating the phenomenon El Niño with the number of days with temperatures above the 90th percentile (30 • C), it was observed a significant inverse correlation with the increase of days. A significant direct correlation between the rates of ADDs were also determined (Table 4) .
Discussion
In the 2000-2010 period, a correlation of the number of days with non-zero precipitation with the morbidity of ADDs was determined for all three age groups (under 5, 5 to 59 and over 60 years). But no correlation was found with La Niña phenomenon, or under neutral conditions (Table 2) . Although these results do not imply a relationship causeeffect between climate variables and phenomena studied, the results suggest that both the disease and weather are seasonal events. These results also indicate that studies of the correlations between human diseases and weather are important and should be further investigated, as any variation of scale in weather patterns would bring seasonal variations in epidemiological patterns. Similar to other studies that have shown statistical correlations between El Niño and ADDs, the results from this study are in agreement with previous investigations. We observed a morbidity rate increased with an increase in the number of days with temperatures above 30 • C, which occurred under conditions of El Niño phenomenon causing the higher rate of morbidity than the state average under neutral conditions or La Niña phenomenon. This effect is consistent with that observed in the three groups of people in the state of Aguascalientes, Mexico.
Higher temperatures increase the risk of exposure of people to parasitic and bacterial diarrhoea and lengthen the survival of enterotoxigenic Escherichia coli bacteria in contaminated food (Black and Lanata, 1995; Checkley et al., 2000) . Low temperatures increase the transmission of diarrhoea caused by viruses (Konno et al., 1995) and at intermediate temperatures (18-23 • C), children may be exposed to viral pathogens, bacteria, and protozoa (Checkley et al., 2000) .
Something that is worth mentioning is the fact that approximately 96 % of treated and raw sewage generated by the various sectors of the State is directly discharged to the San Pedro River (Anónymous, 2007; Ramírez et al., 2007) . In a previous study conducted by Guzmán-Colis et al. (2011) , it was found that water from the San Pedro River showed average concentrations of faecal coliform, about 3.16 × 106 MPN/100 mL, which exceeded four orders of magnitude the maximum limit.
Regarding the resistance of Escherichia coli than were present in this river; Ramírez-Castillo et al. (2013) found that 52 % of the strains were resistant to at least one antimicrobial agent, at least 37.3 % resistant to two agents, and 30.6 % were multi-resistant to multiple drugs. Twelve strains were also resistant to the fluoroquinolone and presented a multi-resistant phenotype.
It is important to mention that the waters of the San Pedro River are directly used for irrigation of vegetables, as well as a source of drinking water for animal's farms nearby to this river. The contamination of the San Pedro River can be a source of bacterial contamination for people and animals, either directly or indirectly through contact to water droplets that evaporate or by the direct consumption of vegetables.
Other studies have found a strain of E. coli O157: H7 in fruits and vegetables such as lettuce, radish and alfalfa (Bier, 1991; Como-Sabetti et al., 1997; Hilborn et al., 1999) .
The ability of these bacteria to survive outside a host or in wet conditions was evaluated by various researchers to determine the possibility that they could survive in the atmosphere. For example, Rose et al. (1997) successfully isolated the bacterium Escherichia coli in various samples of ur-ban dust in Mexico City and varied atmospheric conditions. Bautista- Olivas et al. (2013) found colonies of total coliforms and faecal coliforms in atmospheric water condensed in three areas of Mexico. Although the weather conditions of the state of Aguascalientes differ from the studied areas, these results suggest the E. coli bacteria can survive in the water from the atmosphere and environmental dust (under wet conditions and warm temperatures). This outcome suggests a potential for contamination and other pathogenic bacteria under these weather conditions.
Another probable line of transmission of E. coli bacteria could be the housefly (Musca domestica) as Béjar et al. (2006) showed that the housefly acts as a mechanical vector of enteropathogenic Escherichia coli. The presence of these bacteria was also diagnosed, among others, on dozens of species of cockroaches (Boschi-Pinto et al., 2008) . The impact of these findings is enhanced by the fact that the propagation of these vectors with increased temperatures results in a greater chance of developing diarrhoea (Dakshinamurty, 1948; Abdullah, 1961) .
The reproduction dynamics and mobility of insects along with the increase of days with temperatures above 30 • C can cause the appearance of new vector breeding sites on the banks of rivers and dams. Ambient temperatures exceeding the 90th percentile in rivers and dams can show a decrease in flow. Added heavy rains can cause the formation of new hatcheries that are quickly colonized. It is highly likely that these causes and effects have a high impact on increasing confirmed cases of ADD under El Niño in the population of the state of Aguascalientes.
On the other hand, the increase in the number of days with temperatures above the 90th percentile and behaviour patterns that are more common during warm season; such as increased water demand and little awareness hygiene practices climates (Black and Lanata, 1995; Checkley et al., 2000) and socioeconomic factors (Guerrant et al., 2002; Loyola and Soncco, 2007) such as access to water and sanitation services contribute to increased rates of diarrhoea.
The increase in morbidity of EDAs by E. coli in Aguascalientes was associated with an increase in days with higher ambient temperature above the 90th percentile, and these are exacerbated by the El Niño phenomenon.
Understanding the effect of climate variability on the epidemiology of the disease is necessary to take measures in the centre of health care to prevent or reduce the incidence of these diarrhoeal diseases and health education. Also, it is necessary to reinforce appropriate ADD preventive and treatment practices among parents and caregivers of children < 5 years of age.
Further studies for the collection of information such as social, economic, cultural and health areas and household conditions are needed. More studies are suggested to complete the total environment (socioeconomic, environmental, immunological and epidemiological) that accounts for disease dynamics in the study area and to be better prepared for future changes in climate caused by the intense El Niño events.
Conclusion
Meteorological and epidemiological data from the period 2000-2010 have shown a correlation between El Niño and ADDs, showing a morbidity rate increased by the increase in the number of days with temperatures above 30 • C, which occurred under conditions of El Niño phenomenon. But no correlation between rates of ADDs and La Niña or neutral conditions were found. The main constraint is associated with the lack of accurate and long term monitoring data on occurrences of ADD, especially related to differentiation among various causes, social and economic classes and environmental factors. Equally significant, the approach adopted in this study is based on the assumption that current associations will remain unchanged in the future which might introduce uncertainties because biological acclimatization as well as technologic and socio-economic developments will likely influence population vulnerability and exposure-response relationships.
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